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Thermal barrier coatings will be more aggressively designed to protect gas turbine engine 
hot-section components in order to meet future engine higher fuel efficiency and lower emission 
goals. There is a need to characterize the fundamental sintering and fracture behavior of the 
current Zr(>2-(7~8)wt%Y203 coating, in order to fully take advantage of the coating capability. 
In addition, a thorough evaluation of the coating behavior and temperature limits will be useful 
for more accurately assessing the benefit gained from future advanced coating systems. 

In this study, the sintering behavior of plasma- sprayed ZrC>2-8wt%Y203 coatings was 
systematically investigated as a function of temperature and time using a dilatometer in the 
temperature range of 1200-1500°C. The coating sintering kinetics obtained by dilatometry were 
compared with the coating thermal conductivity increase kinetics, determined by a steady-state 
laser heat-flux testing approach, under high temperature and thermal gradient sintering 
conditions. The mode I, mode II, and mixed mode I-mode II fracture behavior of as-processed 
and sintering-annealed coatings was determined in asymmetric flexure loading at ambient and 
elevated temperatures in order to evaluate the coating sintering effects on the fracture envelope 
of Ki versus Kp. The coating thermal conductivity cyclic response associated with the interface 
delamination of the coating systems under simulated engine heat-flux conditions will be 
discussed in conjunction with the sintering and fracture testing results. 
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(a) Current TBCs (b) Advanced TBCs 
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Specimen Configurations for Mechanical 

Testing 
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Billet | I 1 Others 

Constitutive, Poisson’s (3x4x45 mm 3 ) 








Sintering Behavior of the Plasma-Sprayed 
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Thermal Conductivity of Zr0 2 -8wt%Y 2 0 3 Thermal Barrier 
Coatings under Thermal Gradient Testing Conditions 




§ 

3 

O) 0“ 

.E ® 

<fl 

JS 

S 2 

2 £ 

« c 

3 

■g c 
<D .2 
(/) (0 
CD/ .E 


W-2 

C 

'Z ^5 
T5 0) 

2 w 
(/) *- 
CO 0) 

a> 


o 

£ 


CD 

O 

O 

CO 


> O 
> 

> CO 

■ mm 

I o 

c "O 

ii 

■U (0 
CD O) 

O C 

T3 (0 ® 
c O .E 

o c/) 
c T3 a) 
■= O +-* 
*- O 

a> a> .2 

.1.1 > 

C0 CO O 



^j-ui/^w ‘XjiAipnpuoo jBuuaqx 


Time, hours 



Thermal Conductivity and Sintering of Advanced 
Multicomponent Low Conductivity TBCs 
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• Significant increase in stength and fracture toughness (K )c & K|| C ) at f < 20 h 

• Asymptotic at t > 20 h, forming a plateau 

• Max increase > 220-240 % observed 




• Significant increase in elastic modulus t< 100 h 

• Asymptotic at f > 100 h, forming a plateau 

• Max increase in elastic modulus = 300 % for both methods 

• Discrepancy in E between two methods 





* As-sprayed - large amount of microcracks and presented 

• 100 h annealed - microcracks/micropores healed 
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Advanced coatings show promise to improve high temperature 
sintering resistance. Mechanical testing also planned for the 
coating systems 
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